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SEDIMENTASSESSMENMETHOBUMMARY

This summargescribesthe techniques to be usefbr assessing a waterbody for sediment impairment

in western MontanaThe assessmennethod applies to perennial or intermittent streams with a

{GNF Kt SNI 2NRSNJ XX n O2y il Ay SR & A { KanRockidsSr IdaBoNI K S NJ
Batholith Level llldregions. fiis assessment methaaill only be used on Strahler order 1 streams

when deemed appropriate.

Theassessmenprocess conslers effects of sediment on the most sensitive beneficial use (i.e., aquatic
life), thereby protecting all uses against sediment impairméising narrativavater quality standards
for sediment, adefinedprocess determines whether beneficial uses are geapported. Therimary
monitoring parameters that are evaluated for the assessment include:

e percent riffle fines (¥ mm and <2 mm)

e percent pool tail fines (6 mm)

e residual pool depth

e pool frequency

e width/depth ratio

o riffle stability index

Fine sedirant parameters (riffle and poddil fines) are evaluated to determine whether streams are
impailSR 0@ & &SRAYS ydoarse seiyientandthabitatiparamyeters (pool depth and
frequency, width/depth ratioandriffle stabiity indeX are evaluatd separately to determine whaer
A0NBFYa | NB digshlp § RE RéagRdti@heistat Eonditions.Data will be evaluated
against a reference dataset or literature/target values to determine attainment of water quality
standards for sedimenihe preferred option is to compare stream physical data to reference data sets.

HANESEDIMENTASSESSMENT

Riffle and pool fineare evaluated by comparing riffle pebble counts (<2mm and <6mm) andtaibol
grid toss data (<6mm) to reference daimnliterature/target values. First, the date grouped (by
ecoregion, Strahler order, Rosgen channel type, etc., based on the judgment of the assessor) so that like
streams and/or stream types are being compared. Second, specifiparametric statistical testare
used to determine whether physicphrametervaluesfrom assessedtreamsare within thosedefined
by the reference datar literature/target valuesA minimum of 1 sample must be collected when using
reference data setsThe statstical methodsusedto test for differences for reference data sets are
based on the number of samples collected:
e When< 4 samples are collected use th&ample Wilcoxon Signed Rank Test.

A= LA~

e Whenx n &l YL S& | NB aitnéy®D@&@8tSR dzaS (GKS al yy

At least 3 samples mube collected when using literature/target valudhel-Sanple Wilcoxon Signed
Rank Test is the statistical method used to test for differencétenature values or targets

The impairment decisiois based on the statistical outcomes as showirigures 1. If all parameters are

within the acceptable range of reference, the waterbasi®2 y 8 A RSNBR ay2id AYLI ANBRE
02 y a A RS NB Rront SedirhdhtatiNdSRationvhen 2 to3 parameters are out of reference range.
Humancaused sedimergources must be present for any sediment listing.
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Measures*

Statistical Outcome

Riffle Pebble Count < 2mm % fines

All parameters within
reference range

Riffle Pebble Count < 6mm % fines

1 parameter out of
reference range

Pool Grid Toss < 6mm % fines

2-3 parameters out of
reference range

[

Decision

Not impaired from
Sedimentation/Siltation

**Unclear about
Sedimentation/Siltation

Impaired from
Sedimentation/Siltation

* Additional fine sediment measurements may include McNeil core, V*, or a second year of data collection. If McNeil cores are readily available, they should be
included with the above measures and the same decision criteria used. In addition, biology may be used.
**|f decision outcome is unclear, additional data may be pursued or a collective decision will be made by experienced WQPB staff and the WQPB QA Officer.

Figure 1. Decision flow chart for determining sedimentation/siltation impairment.

COARSEEDIMENT ANBIABITATASSESSMENT

Pool filling parameters (pool depth and frequghas well as width/depth ratio, andffle stability index
arecompared to reference data or literature/target values. First, the daiegrouped (by ecoregion,
Strahler order, Rosgen channel type, etc., based on the judgment of the assessor) so Bietdikes
and/or stream types are being compared. Second, specifigapametric statistical testare used to
determine whetherassessedtream physicgbarametervalues are within thosdefined by the
reference dataor literature/target values. A minimurof 1 sample must be collected when using
reference data sets. The statistical methods used to test for differences for reference data sets are
based on the number of samples collected:

Whenx n

alk YLX Sa

A= LA~

dza S

When< 4 samples are collected use th&ample Wilcoxon Signed Ran&st.

iKS alyy

At least 3 samples must be collected when using literature/target valuesl-Bample Wilcoxon Signed
Rank Test is the statistical method used to test for differences in literature vatiuasyets.

The impairment decisiois based on the statistical outcomes as showirigure 2 If 0 or 1parameteris

out of reference range

GKS 461 GSND2R&

gAft

0S 02y aARSNBR

Gy 2

& A Y LI flolB®IRIE (bedloadyvhen 2 or moreparameters are out of reference ranged there is
evidence of the stream aggrading or degrading and pools are filled with coarse sedifhent

6l GSND2RE

Ad O2y&aARSNBR

AAYLI A NBRE

parhid@etérs ardjael G A O K

of reference rangand there is no evidence of the stream aggrading or degrading and no pool filling
Humancaused sediment sources must be present for soligls (bedload) listing and human influences
to habitat must be present for any habitat listing.
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Measures* Statistical Outcome Decision
. . Not impaired by
Pool Count (pools/mile) 0-1 parameter out »< bedload or aquatic habitat
of reference range conditions

Impaired from

Residual Pool Depth (ft) —Ye Solids (Bedload)

Evidence of stream

. - / \ 2-4 parameters out aggrading or degrading | |, .
Riffle Stability Index of reference range > and pools filled with Likely-
coarse sediment?
WI/D Ratio / \

*Unclear about
Solids (Bedload)

**|mpaired from
aquatic habitat
conditions

—No

* Additional coarse sediment and habitat measurements may include large woody debris, riparian greenline transects and other appropriate measures
approved by WQPB management.
**These decisions will be reviewed by experienced WQPB staff and the WQPB QA Officer.

Figure 2 Decision flow chart for determiningolids(bedload) or aquatic habitat conditions
impairment.
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1.0INTRODUCTION

Sediment is a leading cause of waterbody impairmeMesternMontana. This pollutant can have a
variety of adverse effects on many different aquatic organisms. Past listings for sediment were often
based on best professional judgment with few standardized data quality objeciivesdocument

providesa sediment asessment method that is both standardized and defendable. The parameters
collected and the way in which they are measured are supported by the currenreeéewed

literature. The process we have developed to make an impairment decision helps accaustiied
variability and specifies when data is insufficient for a determination. The method described should lead
to consistent and reproducible sediment impairment decisions.

1.1 BACKGROUND

Erosion andedimentare naturally occurring componesbf heathy and stable stream ecosystems.
Deposited fine sedimerftom weathering, bank erosion, andstieam fluvial processasnaturally
transported andegular flooding allows sediment deposition to build floodplain soils and point bars, and
prevents excessour of the stream channel. Riparian vegetation and natural instream barriers such as
large woody debris, beaver dams, or overhanging vegetation help trap sediment and build channel and
floodplain features.

Sream health can be affected by human actedtiwhen excessive sedimdoading enters the system
from increase bank erosion or other sources. The increased lnagt alter channel form and function
as well asffect fish and other aquatic life by increasing turbidity and causing excess sediment to
accumulate in critical aquatic habitat areas not naturally characterized by high levels of fine sediment.

When developing an assessment methads important to understand the linkage between the
parameter of concern and the potential impacts to the v$eoncern, in tis case the aquatic life
beneficial useThis assessment method applies a weight of evideqoachusing physical
parametersrecognized to cause har(e.g., reduced survival, community shift, use of suboptimal
habitat) at a certainevel The biological aspect relied upon to infer physical measures that can relate
harm to theaquatic life beneficialse relative to sediment is fisfhis decision was made due to the
largenumber of peefreviewed studieglaboratory and fielebased)inking fine sedimento reduced
spawning and rearingnd habitatlossto aggradation and deposition. In addition, we found that studies
for other biological communities thajuantified sediment concentrations to hargenerally used similar
physical measuraents as in those for fish

Excess sediment can be detrimental to the biotic commeswvithin awaterbody. Increasing sediment
levels can lead to a decreaseperiphyton biomasgYamada and Nakamura, 20@2)well as a decrease
in macroinvertebrate derity and diversityWaters, 1995anda shift in macroinvertebrate community
toward burrowing taxgSuttle et al., 2004More specifically, sediment may block light and cause a
decline in primary production, and it may also interfere with fish and macrdiebeate survival and
reproduction. Fine sediment deposition reduces availability of suitable spawning habitat for salmonid
fishes and can smother eggsfor. Effects from excess sediment are not limited to suspended or fine
sediment; an accumulation of larger sediment (e.g., cobbles) can fill pools, reduce the percentage of
desirable particle sizes for fish spawning, and cause channel overwidening (whitach&y additional
sediment loading and/or increased temperaturdsjtects on salmonids includ@paired growth and
survival of juvenilegSuttle et al., 2004xeduced redd scapement by fryFudge et al., 2008and
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decreasedspawning succeg&raley and Weaver, 199Bappel and Bjornn, 1983; Reiser and White,
1988) In addition to causing a reduction in habitat qualgxcess sediment (fine or coardg#ng riffles
and pools can reduce the quantity of habitat available for organisms during part or all of their life cycle

Although fish and aquatic life atgpically the most sensitive beneficial uses regarding sediment, excess
sediment may also affect other uses. For instance, high concentrations of suspended sediment in
streams can cause water to appear murky and discolored, negatively impacting recreaenand
excessive sediment can increase filtration costs for water treatment facilities that provide safe drinking
water.

TheMontananarrative standard for sediment state@o increases are allowed above naturally
occurring concentrations of sedimeat suspended sediment (except as permitted in5¢318, MCA),
settleable solids, oils, or floating solids, which will or are likely to create a nuisance or render the waters
harmful, detrimental, or injurious to public health, recreation, safety, welfiwestock, wild animals,
birds, fish, or other wildlifé(17.30623 (f)) Determining whether or not a waterbody is impaired by
sedimententailsdefining naturalsediment conditionsvithin a system and demonstratirtat the

human influenced sediment lodthrms aquaticlife. Sediment can cause harm through hiple routes

of exposure, an@lthoughhigh percent fines can limit salmonid embryo survitkak could be the

natural condition for avaterbody. Many studies show incesed percent fines in spawning areas reduce
at A alli€y & reproduceThus, direct measure of fine sediment compared to reference conditions is
used to determine sediments affect upon fish.

In addition, if astream iseffectedby highsedimentloads different locations within the stream may
responddifferently (Lisle, 1989)Identifyingthe natural sediment conditiomithin awaterbodyas well

as demonstrating thaincreases irsedimentare harmful to aquatic lifégs nd a simpletask Despite this
challenge, the development of wgllanned sampling schemes and collection of biologicalgvant

and statistically rigorous datanhelp streamline and simplify this proce3ie process provided in this
document provides an approach to assess the most sensitive use affected by sediment in streams of
Western Montana.

2.0PURPOSE

The purposef this paper is to describe techniques to be used when assessimtpabodyfor sediment

impairmentin westernMontana The method Wl be performedto assess the effects of

ésedimentation/siltationé I YR & 0 SR{y2R Ry lalj2dk AGRAAO  Kohmoknfaln Gand O2 Y RA (1 A 2
transitionalstreams in western Montandn this document, sediment is referred to as the particles that

are deposited on the streambetVhen this method demonstratahat streams are not meeting the

standard for sedimentation/siltationpedload solidsand/or aquatic habitat conditionthey will be

placed on the 303(d) list.

Thisassessment processll streamlinea 2 y (i | d¢disi@riimaking with regards to sediment condition
The process considersffectsof sediment orthe most sensitivébeneficial usdi.e., aquatic life)thereby
protecting all uses against sediment impairmehtis methodwill require specific data be collected and
analyzedor the Montana Department oEnvironmental Quality (DEQ) to keaconsistent sediment
impairment decisionsThe methods described are supported by pesriewed literature and represent
what we believe to be the best currently available options for collecting reproducible and statistically
rigorous dataThe followingmethods are designed to answer specific questions related to the instream
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sediment conditionAlthough this paper represents our best efforts to address sediment impairment in
most western Montana streams, it is by no means an-alhdpproach to makingueh determinations

This method will likely address most nonpoint source related turbidity and suspended solids problems in
smaller western Montana streams because sediment transport and depositiasftarecloselyrelated

in thesewatershedslIf turbidity is elevated from human caused sources during low flow periods when
streams are usually low in turbidity, these discrete sources of turbidity and susgentids mawffect

fishes In these situations turbidity and suspended solids related tistimay be pursued usirap

approach differenthan those covered in this document.

2.1 METHODAPPLICABILITY

The streams (or the segmedtbeingassessed with this assessment method maestontained within
the Northern Rockies, Middle Rockies, Canadiackigs, or Idaho Batholith level Il ecoregioRig(re
3). Additional constraits to this protocol includ¢hat streams must be perennial or intermittent, and
9i NI Kt S NISgaN&,39ErbiStrahler, 1957#) addition this assesment methodwill only be
used on Strahler order 1 streams when deemed approprifitese coditionshave been applied to the
methodrecognizing that thesediment regime®f mountain streams in western Montana are vastly
different from those oflarger rivers and eastern Montana prairie streaniheseother situations
present their own unigue challeng&gen it comes to identifying routes of harsaichasturbidity,
sediment transport, and in some cases a sedimelgrant ichthyofaunaThe protocols in thisxethod
do notaddress suspended sediment, sedimgoglity, nonwadeable or lentic waterbodies Sediment
assessment protocols that addrasedium andarge rivers anélsoeastern Montana prairie streams
maybe developedy DEQn the future

Omernik Level Il Ecoregions

S, . L. \
1B N A —

. =N —_—
k2 E 15, Northern Rockies
N b A [ 16, 1daho Batholith
o 17, Middle Rockies
\:I 18, Wyoming Basin
41, Canadian Rockies

| 42, Northwe stern Glaciated Plains
L L 1 L L L L ! | I:l 43, Northwe stern Great Plains

Figure3. Level Ill ecoregions in Montan@Voods et al., 2002)
The assessment method within this document will be applied only to waterbodies within ecoregions
15, 16, 17, and 41.
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3.0DATAGOLLECTION

When performing a sediment assessment, water quality data should be collected consistently to allow
for comparisons between data s€fRoper et al., 2010 ollecting data in a repeatable manner will

benefit DEQ when examining the status of a waterbodgrdime. Comparability of data collected by

the various groups internal to the Water Quality Planning Bureau as well as external entities (e.g. United
States Forest Service, Montana Fish Wildlife and Parks, watershed groups) will result in more robust
data sets and prevent unnecessary sampling. Compiling a western Montana sediment dataset with
consistentcollection methods will promote a more robust and organized regional reference syStem.
assessment methodescribed hereirmas been developed with this mind.

¢tKS RIGF O2ftftSOGSR FNRBY | 3IAPSY aiNBryYy gAatf 0SS 02
(Suplee et al., 2005; Stoddard et al., 20f@B)that particular stream in the weight of evidence approach.
Reference data usemay include data collected fronmanternalreferencesite within a stream, external
reference siesfrom other streamsor literature values for a particular stream type. This method has
been used by Kershner et €004b)and Kershner and Rop&010)to distinguish between reference

and managed watersheds in the western United Staddthough there is literature supporting the
development of thresholds for fine sediment impacts to aquatic organ{#aber and Hartman, 2004;
Bryce et al., 2010; Bryce et al., 2008; Paul et al., 2@B) has opted to not take thiereshold

approach at this time. The inherent variability within watersheds can create problems when thresholds
are applied to habitat metriceAFChokhachy et al., 2010; Kershner and Roper, 20103 could lead to
placing streams on the 303(d) list that dot belong there or vice versa. Collection of data for both
reference andassessedtreamsusing this method will create a robust dataset that can facilitate the
development of fine sediment thresholds if deemed appropriate by DEQ in the future (seesCetai.
(2008)and USEP£006)for examples of how thimay be done).

Whenmaking impairment determinations, there is a chance of making the following two types of errors:
Type 1: Identifying a stream segment as impaired for sediment when in reality, it is fully supporting
the aquatic life beneficial use.
Type 2: Identifying a stream segment as fully supporting when in actuality, sediment is harming the
aquatic life beneficial use.

No single sediment tool exists to fully describe all types of harm to aquatic life in all surface water
systems in Montana. In affort to reduce incidence of type 1 and type 2 errors, we have incorporated
the followingconceptsinto our assessment method:
e Use of a multiple reference approach for a given parameter when possible to help evaluate a
A0NBIYQa dzaS & eatillel® Wbivelddaradheters £ A G A S&a NJ
¢ Evaluation of multiple parameters to determine impairment so that an error in evaluating one
parameter is less likely to result in an error in making an impairment determination;
¢ |dentification of linkage between instream catidn andidentified sources, either existing or
historical;
e Appropriate planning to ensure collection of sufficient data to detect differences between
assessednd reference populations;
e The opportunity to improve upon data collection and analysis mesttochelp ensure program
consistency and overall quality assurance.
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Because we recognize that smgleparametermayaccurately indicate impairmerue to fineor
coarse sedimentor aquatic habitat conditionsevenprimary monitoringparametes willbe collected
that will aid in describing routes of harm caused by sediment

e Percent ine sediment in riffles less than 2 mm

e Percent ine sediment in riffles less tha&mm

e Percent ine sediment in pool tail¢ess than 6 mm

¢ Residual pool depth

¢ Number of pools pemile

e Width/depth ratio

o Riffle Stability Index

In addition, thisassessmenmethod considers reference conditicsend uses stratification to make
comparisons betweenssessedtreams andimilarreference sitesWhen physicaparametesdo not
provide a cleadecision ofimpairment or nonimpairment, biologicalparametes maybe analyzed to
determine if the physical deviation from reference is manifesting in biological disturbBimaly, in
situations where the measurement of physiparameters is severely limited (e.g., there are no pools or
riffles), analysis of those that are collected witturand the assessment decision will be supplemented
by the best professional judgment of the assessor, DEQ manageamehiyhen possiblehe input of a
localfish biologist

Todeterminefine sediment impament, riffle and poottail percent fines will beneasured These
parametersboth address surface fines within a streaRarcent fines are defined as the percentage of
sampled substratenaterialthat is less than & m as measured in pool tajlandless thar6 mm andless
than 2 mmin riffles, as these are valuesipportedthroughout theliterature ashaving effects on aquatic
biota (Edwards et al., 2007; Fraley and Weaver, 1898lips et al., 1975; Shepard et al., 1984; Suttle et
al., 2004; Yamada and Nakamura, 200f2Jeemed necessary by the assessor, larger or finer size
fractions (e.g.9.5 mm, 0.8 mm(Tappel and Bjornn, 1983nhayalsobe examinedThe goal of

measuring percent fines is to @wate the quality of available spawning habitat within a stream.

Arobustvariaion of the Wolman pebble cour(t?Wolman, 1954yvill be usedo sampk percentsurface
fines This method is designed to reduce sampling bias, improve representation of the sulpstsémt,
and improve data comparability and reproducibility both within and between strednsgcond means
of measung percentsurfacefines, the grid tosswill be used in pool tails exclusivéArcheret al.,

2012 Kershner et al., 20048\lthough not a standard measurement for this protocol, subsurface fine
sediment datad.g.,McNal cores) may be used with equivalent confidence as surface fines if both
assessedtream conditions and reference conditions are known.

To furtheraddress fine sediment issues as well as congidssible aggradation anmbarse sediment
supply, residual pal depth(Lisle, 1987)pool frequency width/depth ratio, riffle stability indexvill be
measured Measuring pool structuréimportant as pools serve dmabitat for a variety of aquatic
organismgBisson et al., 1982;ewis, 1969Muhlfeld and Bennett, 200Rmi, 2002; Sullivan et al.,
1987) Pods are especially importarior fishas winter habitafHarper and Farag, 2004; Heifetz et al.,
1986; Jakober et al., 2008hd refuge from thermal streg8aird and Krueger, 2003; Matthews et al.,
1994; Nielsen et al., 1994nhd water velocity{Bonneau, 1998; Bunt et al., 199B)creasedsediment in
asystem can cause a reductionpool sizedepth,and number(Lisle, 1982; Buffington et al., 2002)
Aggradation due to coarse sediment suppifrether natural or from humawaused sourcegan lead to
streams becoming intermittent with stranded paahat provide limited fish habitgMay and Lee,
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2004) These resulting changéswve ramifications foaquaticLJ?2 LJdzt Istabilitd, peési@ence and
ability to recover from disturbanc@onzarich et al., 2004yleasuring pooparametes will helpDEQ
determine the amount of habitat availabfer juvenile rearing and adult fishes

Width/depth ratiocan be used for assessidgparture fromreference conditiordue to aggradatiomand
sediment depositionChannel width isften linked to excess stredmank erosion and/or sediment

inputs from sources upstream of the stysite. Channels that are owerdened are often associated

with excess sediment deposition and streambank erosion, contain shallower and warmer water, and
provide fewer deepwater habitakefugia for fish(Montana Department of Environmental Quality, 2011)

If it is deemed that a single season of sampling is insufficient to make an impairment determination with
regards to sediment, data collectiarf the primary monitoringparametes duringa second seasomay

take placeand the collection o$upplementarysedimentparameters may be necessarylethods for
measuringlnstabilityIndex (S) (Cobb and Flannagan, 19968ubsurfacdines(Youwng et al., 1991;

McNeil and Ahnell, 19640tragravel dissolved oxygen (which may be affected by the percent fines
(Maret et al., 1993; Kondolf, 2000andresidual pool voluméV*) (the fraction of pool volume filled

with fine sedimenti(Lisle and Hilton, 1992; Lisle and Hilton, 198ié discussedn Appendix A

The following considerations angrametes apply when sedimergources are identifieduring a risk
assessmentimpairment needs to be reassessed, and/or wiescribinghe natural conditionof
reference waterbodies

3.1 DATACOLLECTIOREQUIREMENTS

All physical parameters should be collected under base dladitionsto limit the likelihood of
misidentifying a feature due to flow conditions (eigentifying a feature as a run at high or moderate
flows when it would be consideredpmol at base flow)and because during high flowssitneam
assessments areféicult due to suspension of fine sediment, as well as unsafe

After a mapbasedassessment that breaks streams into similar readi@ssed upon vallegonfinement
valley gradientgcoregion and stream ordemonitoring sitesare selectedwith the goal é being
representative of various reach characteristics, land use category, and anthropogenic influence.
Sampling sites should be selectednaximize the likelihood of observitgthropogenicsource effects.
Thus, it is not a random sampling design intethdo sample stream reaches representing all potential
impairment and noimpairment conditions. Instead, it isfacused sampling design that aims to assess
a representative subset of reach types while ensuring that reatttasare most likely influencely
sourcesare incorporated into the overall evaluation. Typically, the effects of excess sediment are most
apparent inmid-low gradient, unconfined streams larger than 1st order (i.e., having at least one
tributary); therefore, this stream typwill bethe focus oimostfield efforts. Not all streams have areas
with these characteristics arghmple site selection may necessitate a shift to other stream channel
types with higher or lower gradients.

Another component of théocused sampling approach whle to sample areas that can be used for
reference conditions. Referensite selection shouldonsidersimilarsites and watershedshere land
soil,and water conservation practices are in plaRegional reference data may be available via prior
monitoring efforts from DEQ and other agencies, yet if reference conditiongraseimed to be present
based on map and aerial photo assessment during stream segmentation, reference condition sites
should be considered for sampling
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The sampling process is labor intensive and thus costly. Therefore, a limited number of sites are feasible
for sediment assessment on each stream segment.fobised approactprovides a higher likelihood of
detecting sediment problemwhen alimited numkber of sample sites ammonitored. Physical data must

be collected from a minimum of one representative site per stream segmeminfassessment to take

place with ideally at least two sites per segment

While biological data is not needéar all assessents, itmay beuseful in situations where physical

datais inconclusiveBiologicaimonitoring should targemacroinvertebrate and periphyton

communitiesltia 59vQa 3I21f G2 O02ttSO0G o0A2t23A0Ft RIGIF Rdz
yet if assessment deadlines are not pressing, biology data may be collected the second year if needed to

save costsThese samples must lmellected during the time period for which metrics were developed

The samples do not need to be collected from the samgation as the physical data as long as all data

being examined was collected fraariocation with the same type of stream attributes as the physical

data. Macroinvertebrates and periphytomay beevaluated when thgrimary monitoringparameters

do not provide a clear impairment decisiowhen biological data is needed, two samples frdifferent

locations areecommended

3.2 3TESELECTION

A key component to the determination of sediment impairment is that sediment levels must be above
natural For this to occur in waterbody, there must be anthropogenic sourc&bis assessmenmethod

is based upon risk analysis and reach segregafitiren a study stream is identifiddr study, similar
reaches are identified using USGS maps and aerial pHetogegion, valley slope and valley

confinement are used to estimate likely stream channel types using ArcMap softierial photos are

then used to further refine the assess@mderstanding about potential sediment sourca@$is should

lead the assessdo appropriate channel types argklect sites downstream of humaourcesand also

select a limited number of reference sites where land management appears to deter sediment
movement with land soil,and water conservation practicés track instream coditions across land use
changesWhen collecting and analyzing data related to the sediment conditioniaftarbody, the
jdzSatAz2ys a52Sa (GKAa YSIadNB akKz2g | fAy11r3S o60SisS
ONSB I i A y 3 KruoudydEcinsid@&gThis is an important concept becauswaterbodycould
naturally have high levels obarse orfine sediment due tanherent characteristicand have potential
anthropogenic sources that do not actually contribute to the sediment load above the natuiabiity.
Linking anthropogenic sources of sediment to measureable physical parameters is an important step in
determining the natural condition of waterbody.Sites will be selected to address potengéfiects of
anthropogenic sediment sources.

Monitoring sitesshould be selected so that they allow for comparisons to those with the same
characteristics, land usgand anthropogenic influences. There is a preference toward sampling those
reaches where anthropogenic influences would most likely leachfmirment conditions. The risk
analysis will include an evaluation of humiaduced and natural sediment sources, along with field
observations and watershed scale source assessment information from aerial imagery and GIS data
layers.Initially, streamf interest should beegmentedinto reacheswith the same characteristics that
influence sediment transport and deposition (i.e., stream order, ecoregion, valley slope, and valley
confinement)and are not affected by human activitfhenext step is to identify land uses and land
management practices that have a significant influence on stream morphology and sediment
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characteristics (e.g., upland grazing, unpaved roads, bank/channel erosion) and stratify based on the
land use category anahthropogenic influence.

Sampling locations will be chosen prior to the beginning of fieldwselection of sites will be based on
the results of a riskased analysis for thevaterbody(the methodsfor whichare currently in
developmenj and the besprofessional judgment of the assessS8ite locations may be adjusted in the
field if the assessor determines the preselected site to be unsuitable or less appropriate for th
assessment than anothéscation Each timea site is sampled, one sample (n)=dll be collected for
each of theparameters discussed Bections 33.1¢ 3.3.6.

Although most sites will not be physically monumented, each sampling site will be georeferenced
(downstream and upstream extent) to allow for future sampling of the stratures within a site

(Olsen et al., 2005; Roper et al., 2002b; Roper et al., 2@@jreferenced sampling sites will allow for
analysis of change at given locations over time, allow for a site to be revisited for quality assurance
review, and provide a starting point for other groups to conduct sampling (TMDL data collectiural
monitoring by conservation districts, etc.). In addition to helping provide rigorous data for assessing
impairment, using permanent sites will facilitate the development of trends through time and for
evaluating differing land or water managemeathniques. Collection of data at permanent sites will be
an asset when performing TMDL fiyear reviews and reassessments of 303(d) listed waterbodies.
When georeferencing sampling sites, GPS coordinates of both the lower and upper extents of the site,
photos, and a written description of the location will be documented.

Collaboration between multiple programs within DEQ should take place to determine sampling locations
that will be useful to involved groups. Agreement on site locations will help create a database for a
waterbody, watershed, or ecoregion that can be usad auilt upon by DEQ and others.

3.2.1 SiteLength

The goal in defining theample framdrom which datawill be collected is to gainr@presentationof the
stream segmenbeing considered in the assessméamaireas most likely to be influenced by human
activities To ensure data representativeness, sampled reaches must be relatively homogenous (i.e., the
reach is not a transition between two channel type®)e length of streamsite (within a reach}hat
will be sufficient to effectivelgescribe haliats can vary depending on the heterogeneitiytbe stream
Although different programs use different distances for trgdie length (e.g.U.S. Environmental
Protection Agend® & 9 a! t dzaSa n n(KadnvaBnieal g1899)R&Ge(18996)RIeK20
times bankfullwidth)), 20 times the wetted widths generallythe minimum distance use(Fitzpatrick et
al., 1998; Simonson et al., 1994¥opold et al(1964)determined that riffle/pool sequences are
typically 57 bankfull widhs in length and Keller and Melho(h973)reported riffle/pool sequences to
be 39 bankfull widthsUsingsite lengths at least 20 timesankfullmeans that sampling will likely take
place over multiple meander wasdengths and rifflepool units and will aid in determining averaged
values for specific populations (e.gffles) that account for localfiects (Bunte et al., 2009)As a result,
site length for sediment samplingill be a minimum of20 times thebankfullwidth. Thissite lengthwill
be appropriate for gyreaterrange of stream widths;an providemorerigor in statistical aalysis
(Simonson et al., 1994andwill allow foramore reliable represertion ofresidual pooparametes
(Keim and Skaugset, 200tan usinga shortersite length Usinga site length 20 times thebankfull
width equates well wittthe site length systers used byDEQTotal Maximum Daily Logaanners when
verifying sediment impairmer{ontana Department of Environmental Quality, 200&i) the U.S.
Forest Service in the PacFish/InFish Biological Opinion progwaimef etal., 2012) Site length will be
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determined by the bankfull width categories showrilable 1 All siteswill begin and end at the
downstream extent of @ool.

Tablel. Width categories for determining minimursite length (adapted from Heitkeet al.,
(2008)).

Average bankfull width (ft) Width Category Minimum site length (ft)

0to 26 26 520

26.1to 33 33 660

33.1t0 39 39 780

39.1to 46 46 920

46.1t0 53 53 1060

53.1t0 59 59 1180

59.1to 66 66 1320

66.1t0 72 72 1440

>72 79* 1580

F LT | adNBlFryYyQa | @SNI IS oy FdzZt ARGK A

times the measured value.

3.3 PRIMARYMONITORINGPARAMETERS

A detailed description of the field methods foollectingthe primary monitoring parameters is
described inAppendix B

3.3.1 Riffle Pebble Count

The sensitivity of riffles to increased sediment supply makes them a suitable location to sample for
changes in substrate size distributi@@over et al., 2008; Dietrich et al., 198@ppesser, 2002; Parker
and Klingeman, 198Price and Leigh, 2008 addition, riffles serve as a winter refuge for juvenile
salmonids Excess fine sediment can fill interstices and reduce the availability of this crucial habitat
(Bjornn et al., 1974)ro sample the surfacfines withinriffles, a variation othe Wolman pebble count
will be usedWolman, 1954)The Wolmarmethod is consideredccurateand reproduciblevhen
sampling a single, homogeneous, populatiery( one riffle; (Brush, 1961Kondolf and Wolman, 1993
Mosley and Tindale, 1985; Wolman, 1954ffle pebble counts wiliconsist of at least00 pebbles per
sampled riffle. The pebble count shil be performed within the bankfull channéfrcher et al., 2012
Although ollectingparticles in this waynight skew resultstoward the size of sediments outside of the
actual aquatic habitat at the time of samplifgebane(2001)demonstratedstrongcorrelationbetween
percent fines collected within the bankfull widdmd macroinvertebratenealth. To help addresthis
poteni A f O0AF&axX LI NGAOESA YSIFadaNBR o0SG6SSy GKS g1 i
fluvial (i.e., deposited by the relatively recent action of flowing water) orfhavial (i.e., older,
established bank soil or substrate).

To reduce samng biasa gravelometewwill be used to measure theombinedb, c -axis of each

particle, as this helps to reduce operator error in measuring the particles and is coonpatiblewith
sieve data than using a rul@unte and Abt, 2001a; Heynd Thorne, 1983; Roper et al., 2010; Bunte et
al., 2009; Kondolf, 1997; Bunte and Abt, 200Fbyr individual riffleswill be sampled pesite, each

with a 100 pebble courb yield a combined 400 partickéfle count, whichaccording ta~ripp and
Diplas(1993)and Rice and Chur¢hi996)yields themost efficient sampling resultff more than four
riffles are present in a samplirsite, the first four should be sampledf fewer than four riffles are
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present, a total of 400 particles will still be countd@the count will beevenlyspread out among the
riffles that are present using the same fewansect setup (e.g., if two riffles are preseatich will have
a 200 particle countMultiple transects will be used to capture longitudinal vaiiidy present within a
riffle. If the entire site is oneiffle, then 16 transects will be evenly distributed throughout the site for
sampling If noriffles are present within the sit@.g, the site is all pool due to beaver activity, etc.) the
site will be moved to an alternate locatiohhe determinatiorof individual rifflepopulations to be
sampled can be performed visua{Roper and Scarnecchia, 1995)

Within each riffle, four transectset perpendicular to flowwill be evenly distributed (from downstream

to upstream) at 20, 40, 60, and 80% of the riffle lengtlong each transect, 25 samplitogations will

be evenly spaced within the bankfull width so that the distance between eachmiximum ofL/25 of

the bankfull width Bankfull width will berecorded for each pebble count transeEigure4 provides a
schematic of the riffle pebble cotisetup. Percent fine sedimert 6 mm and<2 mm will be measured

using this techniqudf the same particle is selected more than once (i.e., because it is large enough that
it covers more than one sampling location), it will be recorded as many times as it is se@@uoted.

pebble count sample equals 400 measured pebblasmetricsare deived from each pebble count.

These metrics includene value(n = 1) for percent fines < 2 mm and oraue(n = 1) for percent fines <

6 mm.

Bankfull Width
A

Flow
l l l O = sampling location

L1 ««.p Finishon 80% of riffle length

river left

T T .

60%

Pattern to follow
when sampling

<

[ P

40%

‘N starton 20% ofriffle length

river left

F (EEELEET =

~
Wetted width

Figure4. Setup for performing a riffle pebble count.
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3.3.2. Grid toss

The grid tossvill be performedto de<ribe thesubstratequality in the areasmost likelyused by

salmonids fospawning Salmonids generally can spawn in gravels withyato about 10% of their

body length and tend to spawn in areas of streams where either downwellingwelling is present
(Kondolf, 2000; Kondolf and Wolman, 19983 a result, pool tails are a likely salmonid spawning
location(Keller et al., 1990specially for rainbow trougMuhlfeld, 2002)In addition, pools are likely
locations to observe the effects of excess fine sediment within a sy&ewer et al., 2008; Kappessetr,
2002; Lisle, 1982Grid toss counts of fine sedimenisll be performed irthe tail ofall scourpools(not
formed bylogs or some other debrisompletelydamming the downstream end of the poeljthin the
samplingsite. To be considered a pool, a feature mst S | Y| EA YdzY RSLJak x modp
depth (Archer et al., 2012 Three grid tosses will be performed in each of the pool {aitsher et al.,

2012; Figureb). Theintersections of the grid arapproximately 6 mm and asrasult, percent fines

values forsediment <6 mm will be measuredrhe mediarsize(Ds) of all particlesobserved under each
grid tosswill berecorded One grid toss (n = 1) equals the percentage derived from the sum of all of the
tosses in all of theool tails sampld. For example, there are four pool tails and three toseezach
poolyields counsof 2/147, 10/147, 16/147, and 11/147. The percéines < 6 mm ar¢hen 39/588 or

7%.

X =10% of the pool's
lengthor1 m,
whicheveris less

Water's
Riffle edge

Figure5. Locations within a pool tail to be sampled with therig toss(adapted from Archer et al.,
(2012))

3.3.3 Pool Frequency

Pool frequency is simply a count of the number of pools encountered within a sarsjiénigor a
feature to be considered pool, it musthave a maximum depti 1.5 times the poactail depth(Archer
et al., 2012. Pools that occupsgt least 50% of the wetted channel widthatywill be called large
pools; those that never span more than 50% & thetted channel width at any point, will be called
small poolsWhen conducting a pool count,will be noted whether or not the pool is being influenced
by woody debrigwood is acting as a dam or causing scour that forms a paadyage pool spacingnd
thus frequencyran be quite variable, from one channel width to nine or more, depending on the
stream type, local setting, and amount of large woody debris pre@@egchta and Platts, 1986; Bilby
1984; Keller and Melhorn, 1973; Montgomery et 4895). In addition, the narrower thestream, the
more variable pool spacing becom@dontgomery et al., 1995Despite the variability in thisarameter
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and the need to carefully consider all possilaetors that can affect it, Woadhith and Buffington
(1996)were able to correctly classify disturbed and undisturbed watersheds with at least 90% accuracy
when using thiparameterand the ratio of mean residual pool depth to mean bankfull depth in
discrimnant function amlysis Because othe naural high variability othis parameter, it will be applied
carefully in sediment imgirment determination and wilbe testedthrough time One (n = 1) pool

frequency sample equals the sum of the number of pools within the site.

3.3.4 Residual PooDepth

Residual pool depttRPDhasbeenlinked to land management practicé&ershner et al., 2004b; Lisle
and Hilton, 1992, Figue 6). As a resultRPD measurementsill be collectedat all poolswithin each
samplingsite that meet the following criteria(a) poolsmust be formed by the scouring action of water
(not formed bylogs or some other debrisompletelydamming thedownstream end of the pogliand

(b) pools mustbe at least 50% of the wetted channel widihany location within the po@nd have a
maximum depthk1.5 times the pootail depth(Archer etal., 2013. The benefit of using residual
parametes over those measured based on wetteerimeteris that they are floustageindependent
(no discharge relationship needs to be determineaid give an indication of the minimum amount of
available poohabitat (Lisle, 1987)To reduce error,tle goalwill be to collectRPDfrom every pool
within the siteasKeim and Skaugs€2002)demonstrated that collecting residupbol volumedata over
a long sampling sitmay provide a better representation thdooking at individual poolénstructions
on how to collect residual pool depth can tmind inAppendix BOne (n = 1) residual pool depth
sample equals the average of all measured pools within the site.

o
7l

Thalweg

d, = residual pool depth; g total pool depth at the deepest point along the thalweg=ddepth of the riffle crest
at the thalweg.

Figure6. Profile of a pool and locations to measure when determining residual pool defattlapted
from Lislg 1987)).

3.3.5Width/Depth Ratio

The channel width/depth ratio is defined as the channel bankfull width divided by the mean bankfull
depth. The channel wth/depth ratio is one of several standard measurements used to classify stream
channels, making it a useful variable for comparing conditions between reaches with the same stream
type (Rosgen, 1996 A comparison of observed and expected width/depth ratios is a useful indicator of
channel overwidening and aggradation, which are often linked to excess streambank erosion and/or
sediment inputs from sources upstream of the studgch As channels widetthere is usually increased
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local erosion from nearby banks, which supplies the channel with a higher course sediment load which
fills nearby pool habitatAs specified il\ppendix B one width/depth measurementill be collected at

the most well definedarea ofeach riffle where pebble counts occéwidth/depth ratio samplgn = 1)
consists othe averageof all calculatedratios.

3.3.6 Riffle Stability Index

Riffle stability index (RSI) is an estimate of the mobile fraction of particles witHfteaTo calculate this
index, the size distribution of particles collected from a riffle is compared to the mean size of dominant
large patrticles collected from an adjacent depositional asegfppendix Bfor the data collection
methods). High RSI hasdn shown to correlate with reduced pool volume and be significantly different
between reference and managed sit@ross and Everest, 1995; Kappesser, 2002)ddition, Cross

and Everes(1995)found bull trout Salvelinus confluentyisedds nearly exclusively in referersteeams
with RSI less than 65.

3.4 ADDITIONAIMONITORIN®ATA

The following data may be collected during any sediment assessment. It will typically be used to
facilitate appropriate stratification of streams and supplement the primary monitoring parameter data.

3.4.1 Rosgen Channel Type

At each site, measurements will be made to determine Bosthannel type (A, B, C, et@osgen,

1994, 1996)see Figurel in Rosger(1994)for a diagram of stream channel tyge¥his method
considersvariables such agalley type stream slope, sinuositppankfullwidth, width/depth ratio,
entrenchmentandflood-prone area and wilhelp ensure thasimilarstreams are being compared
Because stream channels can transition from one type to anatherto disturbancesa designated
classification of a streamwnly indicates the existing conditi anddoes not necessarily indicate that it is
stable or at itgpotential. The stage of channel evoluticand the stream potentiashouldbe considered
before stratifying streams based on Rosgen channel.ffpe currenandpotentially stable channel
form will be determined. The potential stream type should be estimated based upon stream
stratification process and what was seen in the fi@ldference data will be cdsmed based orhannel
type when appropriateso that comparisons between reference amsessedsitesare meaningful
Rosgen channel type is not used as an impairment indicator, and is only used to characterize the stream
channel at the site for reference comparison purposes.

3.4.2 Biological Data

Macroinvertebratesand periphytonrmaybe collected when the primary monitoring parameters do not
yield a straight forward determination with regards to sediment impairm@&iiese parameters should
be collectedrom at leasttwo sampling site along the stream segmeiit is best if the biological
samples are collecteflom the same location as the physical data to be used in anahlgi®ugh not
required(see Data Collection RequiremenksThese samplewill be collected via DEQ protocol for the
specific biologicgbarametess that will be usednh analysis of biological conditiofhe biological data
maybe examinedn cases where physical data does not provide clear evidence of use support or
impairment

Macroinvertebrates will be collected using the Environmental Monitoring and Assessme@® (i 2 02 f Qa
G NB I OK g A R(®éntana HépkrenBnt of Environmental Quality, 200@2griphyton will be

A 2 4 oA ~
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Currently, DEQ has Observed/Expected (O/E) metrics that will be used for sediment assessment
(Feldman, 2006)Theseametrics are not a specific diagnostic tool for sediment, but DEQ is in the process
of developing and refining macroinvertebrate indices that will be sediment specific. Diatom indicators
similar to those found in Bahls et §2008)that are diagnostic for sediment impairment at the Level IlI
Ecoregion scale are now available for use.

Fish indices may be useful but are not currently being developed by DEQ. Testing of those already
RS@PSt 2 LISR T xdihti2 synSNdudhésletialS £998; Hughes et al., 20@4Cormick et al.,
2001; Mebane et al., 2003nay prove useful in the decision making process. If DEQ does develop fish
indicators or concludes already developed indices to be usefukifutiire, they could be easily added

to the assessment process. Until DEQ has its own fish metrics, it is strongly recommended that data
available on the Montana Fish Wildlife and Parks Montana Fisheries Information (MFISH) website
(http:/ffwp.mt.gov/fishing/mFish)) be used in consultation with a trained fisheries biologist to
determine if fish in the assessed waterbody are demonstrating impairment due to the sediment
condition.

3.4.3 Additional Parameters

Additional parametersnaybe collectedwhen the primary monitoring parametedo not yield a straight
forward determination with regards to sediment impairment. Thesigitionalparametersare
described iM\ppendix A

4.0 EVALUATIN®ATA FORASSESSMENJECISIONS

DEQ will compare sediment data to data collected from reference sites of streams using speeific non
parametric statistical tests. The analysis will determine whether assessed stream primary monitoring
parameter values are within thosiefined by he reference dataFine sediment parametessill be
evaluated to determine whether streams are impadrby sedimentation/siltationwhile warse

sediment and habitat parametersill be evaluatedo determine wheher streams are impaired from
solids (bedload) or ajuatic habitat conditionsThe approaches for determining reference sites, how the
data is analyzed, and the decision matrix are described in this section.

4.1 REFERENGEONDITION

DEQ defineseferenceconditionas thecondition of awaterbodycapable of supportingts present and
future beneficial uses when all reasonable land, soil, and water conservation practices have been
applied Forawaterbodyto be referenceit does notneed to be pristinelnstead, reference
waterbodies are those thatemonstrate few to no effectsom anthropogenic sourcesn the applicable
beneficial usesReference condition also does notcessarilyeflect conditions that existed before
human settlement, but is intended teepresent conditions where wise land uskanning under human
control protects aquatic ecosystemBeference conditions are measured to estimatgturalvariations

in biological communities, water chemistry, etc. due to climate, bedrock, soils, hydrology, and other
natural physiochemical differees. The intention is tdifferentiate between natural conditions and
widespread or significarituman causealterations of biology, chemistry, or hydrogeomorphology.
Therefore, reference conditions should reflect minimum impacts from human activRefsrence
waterbodies are either Tier 1 (Natural Condition) or Tier 2 (Minimally Impacted Condition) as
determined by criteria that have been considered with intensoresiteinspection and best professional
judgment(Suplee et al., 2005)
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Comparison of conditions in a waterbody to reference waterbody conditions must be made during
similar season and/or hydrologic conditions for both waters. The following methods may be used to
determine reference conditions:

Primary Approacks

e Comparing conditions in a waterbody to baseline data from minimally impaired waterbodies
that are in a nearby watershed or in the same region having sinaléey type geology,
hydrology, morjology, and/or riparian habitat

¢ Evaluating historical dataleging to conditon of the waterbody in the page.qg, if there has
been documented changes in land or water use)

e Comparing conditions in a waterbody to conditions in another portion of the same waterbody,
such as an unimpaireggbrtion of the same streanfe.g, upstream/downstream of significant
sources comparison)

¢ Reviewing literature (e.ga review of studiesibout sediment effects that reduce fish survival
etc.). Because this is the least certain approaittshould always be used in conjunctiaith
other primary approaches

Secondary Approaches
e Seeking expert opinion (e,@xpert opinion from a regional fisheries biologist who has a good
dzy RSNAR Gl yYRAY 3 fisherigs Kelth éripaiedtidlp 2 R& Qa
¢ Applying quantitative modeling (e,@pplying sediment transport models to determine how
much sediment is entering a stream basadland use information, etc.)

DEQ uses the primary approach for determining reference condition if adequate regional or other
primary reference data is available,canses the secondary approach to estimate reference condition
when primary approach data is limited or unavailable. DEQ often uses more than one approach to
determine reference condition, especially when regional reference condition data are sparse or
nonexistent.

4.2 ANALYSIS

Data analysiwill occurafter one season afollecting primary monitoring parameter datio compare
sediment data collected from reference sites, the data will first be grouped (by ecoregion, Strahler
order, Rosgechannel type, etc., based on the judgment of the assessor) so that like streams and/or
stream types are being comparddext, specifimon-parametricstatistical tests will be used to

determine whetherassessedtreamprimary monitoring parametevalues ae within thosedefined by

the reference dataTable2). These tests are appropriate because they have no distribution
requirements and are suitable for situations that involee sample numbergHelsel and Hirsch, 1995)

An dphavalueof 0.25 will be used in statistical analysis of physical parameter @hts will help

balance the likelihood of committing either a typerltype Il error when comparing assesstrbam

data toreferencedataand is the same value used when assessing for nutrient impair(empiee and
Sada de Suplee, 20LMVhen performing the analysis, data will be examined in the order defined by the
following reference priority: 1Eombination ofniternal and external?) Only eternal, and3) Literature
Reference data used in the analysis d@pend on what is currently available and/or what may be
collected Literature values should primarily be used to support the results of reference data collected in
the field. If the assessor does not deem literature values appropriate for a giaderbody, then this

will be explained in the assessment
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Data analysisnayinvolve examining biological datBiologyfor a discrete reacimaybe considered
indicative of impairmrent when>25% or more metricsuggest biological limitatiofBest professional
judgment may override this decision based on the data analyken biological metrics may be
confounded by other pollutants/pollution

Table2. Metrics to be collected and the statistical methods used to test for physical differences
betweenassessedtreams and reference data and to determine harm tse
The preferred option is to compagessessedtream physical values to reference data sets.

Metric Minimum n* Analysis
Percent Fines: Using Reference Data Sets
<2mm When< 4 samples are collected use th&ample Wilcoxon Signed Rank Test
<6mm - ¢KS WxI NAlofSaQ SyiSNBR gAtf 0S8
- ¢KS WwWe¢Said e Raluesge@rmiadd frdm thie 800 pebble
Pool Tail Fines: count, total percent of all grid tosses, mean residual pool deptipool
<6 mm n=1 countfrom the assessedtream sample siteof average of all applicable
sites).
Residual Pool - h ' noup
Depth
Whenx n &l YLX Sa I NB OvhineyD@$tSR dza S
PoolCount - h ' noup
Using Literature Values or Targets
Width/Depth Use the 1Sample Wilcoxon Signed Rank Test:
Ratio - ¢CKS WxINAIFoOof SaQ Syetednm&iRonsthef4d0 pablde
n=3 count, total percent of all grid tossesnean residual pool deptior pool
Riffle Stability countfrom eachassessedtreamsite.
Index - ¢KS WweSad aSRAlYyQ TMDUbargetvalde. G KS f
- h ' noup
Periphyton
Increaser n = 2(for If >25% of all biological metrics suggest biological limitation, theeach may
each metric)| beindicative ofimpaiment.
O/E

! Refers to the number of samples collected from the stream to be assessed. There is no minimum n specifi
use in the reference dataset.
% preferred approach

4.2 ASSESSMENDECISION

Fine sediment parameters (riffle apaol fines) are evaluated to determine whether streams are

impairfSR 06 & a&{ SRAYS yQbdrsé sedliylent{aidthabitaiipara@metdrs (pool depth and

frequency, width/depth ratio, riffle stability index, and instability index) are evaluated separately t
RSGSNNAYS 6KSUGKSNI &G NBI6YS RIE IRE grativ hatgta BdsdRionE. Deay a { 2 f A
will be evaluated against a reference dataset or literature/target values to determine attainment of

water quality standards for sedimeridditional da including biological measures (i.e., diatoms and
macroinvertebrates) may be evaluated.

The impairment decision is based on the statistical outcomes as shawigure?7. For fine sediment

assessmentsf all parameters are within the acceptable range of reference, the waterimdy
O2yaARSNBR ay2id AYLI ANBRE @ ¢ fiod Sedimantdob/SilRtdwHed O2 y & A
2 to 3 parameters are out of reference rangdumancaused sediment sourcesust be present for any
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sediment listingFor coarse sediment and habitat assessmehtsio 1 parameteris out ofthe

FOOSLIilofS NIy3aS 2F NBEFSNBYyOS> (GKS o6l GSND2R& gAff
02 y a A RS NB Rroni Sohds JbekbadvRein 2 or moreparameters are out of reference rangad

there is evidence of the stream aggrading or degrading and pools are filled with coarse sediiment

g GSNP2Re& Aa O2YAaARSNBR dGAYLI ANBRE parhidetds drelodzl G A O K
of reference rangand there is no evidence of the stream aggrading or degrading and no pool filling
Humancaused sedimentairces must be present for anglgls (bedload) listing and human influences

to habitat must be present for argquatichabitat conditiondisting.

If any physicaparameterfrom either the fine sediment deposition aoarse sediment/habitat
assessmentare not within theacceptablerangeof reference yet a clear impairment decision cannot
be made a sediment teantonsising of technical expertwill meet The team will look afurther data
types if available and provide avaluationof impairment pathwaysndconsider the magnitude of
controllablehuman inducedsedimentsources. The sediment team will determine whetlherse
assessmendlecision can be made with the data presented or whether additieaaipling should occur.
If a second season of samplitagkes place the same parameters will be sampled agaimd additional
parametersdescribed imppendix Amay be addedin addition,biologysamplingwill be considered.

Whenadditionaldata ha been collected, all data will be combined for analysis unless there is reason to
believe conditions have changed sufficiently since the first year of data collection to makettbis
inappropriate.Adecisionshallbe madebased on thelata collected and théest professiongludgment

of the assessosediment team andDEQmanagementThe decisionprocessaccepsthat variability is
inherent within streamsspecial situationarise that a method cannot always anticipaémdthat cases

may arise where components of the physical composition may seem degraded but without adverse
impacts to the biology
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Sediment and Habitat Decision Process

Human-caused sediment sources must be present for any sediment listing. Human influences to habitat must be present for any habitat listing.

Measures™ Statistical Outcome Decision
—)
- ; R
- X \ All parameters within Not impaired from
g ‘ Riffle Pebble Count % fines < 2mm | reference range Sedimentation/Sillation
7]
»
o]
?
1 parameter out of **Unclear about

é ’ Riffle Pebble Count % fines < 6mm l afaance raids
()
£
3 \
(75} Pool Grid Toss % fines < 6mm 2-3 parameters out of Impaired from
© \ reference range Sedimentation/Siltation
/=
e

* Additional fine sediment measurements may indude McNeil core, V*, or a second year of data collection. If McNell cores are readily available, they should be
included with the above measures and the same decision criteria used. In addition, biclogy may be used.
**If decision outcome is unclear, additional data may be pursued or a collective decision will be made by experienced WQPS staff and the WQPB QA Officer.

Measures* Statistical Outcome Decision
i
| Pool Count (pools/mile) | / 0-1 parameter out bedioag.(i)r:‘: Bﬂﬁc?amm
/ of reference range = cond?bons‘

| Residual Pool Depth (ft) | Yes SL‘":S:‘(';‘;;;‘L)
\\ Evidence of stream

3 i 2-5 parameters out aggrading or degrading *Unciear about

| Riffie Stability Index | of reference range and pools filled with kely: Solids (Bedload)
coarse sediment?

*Impaired from
No- aquatic habitat

| / conditions

* Additional coarse sediment and habitat measurements may include large woody debis, riparian greenline transects and other appropriate measures
approved by WQPB management.
“*These decislons will be reviewed by experlenced WOPB staff and the WOQPS QA Officer.

| W/D Ratio

Coarse Sediment and Habitat Assessment

Figure?. Decision flow chart for determining sediment impairment

4.3 DATAFROM OTHER ENTITIES

DEQ realizes that other entities (federal and state agencies, contractors, landowners, etc.) may provide
data that is relevant to thevaterbodybeing assessedhis data will be considered in the formal
assessment once it has beeatdrmined that it meets DEQ requirements for data qualitglata does

not meet the requirements to be directly included in the Désdecteddataset, itwill be used to

supplement the determination

5.0 UMMARY

This document describes a framework for making decisions on whether mountainous and transitional
streams in western Montana are impaired by sediment. The aim of this document is to pesovide
structured and consistent approach to assess whether sedimemipairing theaquatic lifebeneficial

use.

Using narrativevater quality standard$or sediment, adefinedprocess determines whether beneficial
uses are being supported. Thamary monitoringparametes that are evaluated for the assessment
includepercent riffle fines (6 mm and <2 mm), percent pool tail fines (&mm), residuapool depth,
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width/depth ratio, pool frequency and RSIIf all physical parameters are within the acceptable range of
reference, then the waterbody il 6 S O 2 y & ALBt SINBBI&Rs@iyheéntiparaméters (riffle and
pool fines) andoarse sediment/habitaparameters (residual pool depth, pool frequenayidth/depth

ratio, RSlare evaluated separately to determiteneficialuse supportAdditional data including
biologicd measures (i.e., diatoms and macroinvertebrates) @apbe evaluated.
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APPENDDA. ADDITIONAIPARAMETERS

ADDITIONAPARAMETERS

The following additional parameters are suggested to be collected whepriimary monitoring

parameters discussed in the main portion of this document do not yield a straight forward
determination with regardsd sediment impairment. These parameters tend to require more time and
resources to complete than performing those previously mentioned. As a result, they should be
reserved for collection during the second season of sampling. If time and resources pedfoita

specific question needs to be answered, these parameters may be considered for integration into the
initial assessment process. These parameters are to be used in addition to those previously discussed
and should not be the sole determining factormaking a sediment impairment decision. To determine

if these parameters are within the range of reference condition, the same approaches ligtadlenl

of the main document shall be used.

INSTABILITIDEXSI)

Instability index (I1SI) israeasue of streambedstability. This index is calculated as tractive forge (
divided by the measured median substrate size for a length of stream (Cobb and Flannagan, 1990). In
this case  Df;S*1000, whereD = average bankfull depth and S = average slopleeo§ampled stream
length (Newbury 1984). Lower ISI values correspond with greater streambed stability. Higher ISI has
been correlated with a reduced number of macroinvertebrate species, density, and divewsity &nd
Flannagan, 199@obb et al.1992;Flannagan and Cobb, 199Moutka and Virtanen (1995)

demonstrated a relationship between stream bryophyte (mosses and liverworts) communities and ISI.
The demonstrated relationship between I1SI and aquatic life niigikendexa candidate for use as a
primary monitoring parameter. Although ISl is calculated with easily collected data, collecting this data is
time intensive and may hinder the ability of sampling crews to visit more than one site in a day. When
time permits, I1SI will be collected to determitthe feasibility of adding it to the suite of primary
monitoring parametersA detailed description of the field methods for collecting ISI parameters is
described iPAppendix B

SUBSURFAJENES

The subsurface substrate in graded rivers tends to béner than that of the surface lay€Parker and
Klingeman, 1982)Although the creation of redds by salmonids effectively reduces the anajdimes
compared to norredd substratgMacDonald et al., 2010; McNeil and Ahnell, 19@4r time, the

interstices can refill with fine sedime(@immerman and Lapointe, 200Because salmonid embryo
development takes place in subsurface substrate, evaluation of these particles may provide a better link
to survival than surface fine measures. In much of the literature, the combined surface and subsurface
composition of the substta is consideredMaret et al., 1993; Shepard et al., 1984; Fraley and Weaver,
1993; Tappel and Bjornn, 1983; VanDusen et al., 2005)

When sampling subsurface substrate, either McNeil c@vsNeil and Ahnell, 1964y shovel samples

may be collectedGrost et al., 1991; Hames et al., 1996; Young et al., 199iing et al1991)

determined that the McNeil core method most often yielded results that were similar to the true
substrate composition though differences between the McNeil and shovel methods were few. Grost et
al. (1991) was able to demonstrate that the two approaches yielded similar results in the field and
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suggested the use of a stilling well around the shovel to improve sampling accuracy. Witergavel|

and shovel method was used by Hames e{1#8196) they found that this method compared relatively

well to the McNeil method though theyere unable to develop a conversion that would make the
results of these two techniques comparable. Hames €tl@96)made the recommendation that
regardless of the method used, the same method should always be used so that data are comparable.
For use by DEQ, it is recommended that the shovel technique with a stilling well be used to collect
subsurface sediment samples. This method is less costlyegites the use of lighter equipment than

the McNeil methodGrost et al., 1991; Hames et al., 1998y using this method alone, DEQ will be

using the method that is most efficient and appropriate for a variety of situations with minimal
monetary investment fothe collection of comparable and meaningful data. Shovel samples should be
collected in suspected (potdils and the head of rifflefReiser and Wesche, 1976y known spawning
locationsto provide data that are biologically relevant with regards to salmonid embryo development. If
data from another method, such as McNeil coring has already been collected for the assessed
waterbody, it is recommended that the same method be used to endata comparability.

INTRAGRAVHDISSOLVEOXYGEN ANBLOW

Fine sediments 1 mm have been linked to reduced permeability in grdikeindolf, 200Q) This

reduction of permeability can reduce intragraveMiand thus, dissolved oxygen as well. Two distinct
methods for sampling intragravel dissolved oxygen and flow are often used in the literature: 1) the
standpipe(Barnard and McBain, 199@€pble, 1961; Hansen, 1973¢wden and Power, 198berhune,

1958 and 2) the horizontal pipéHoffman, 1986; Maret et al., 1993The standpipe method has been

used by DEQBuplee, 2008)Themethod used is dependent on the questions being asked. If a long term
dataset (weeks, months, ejowith multiple or continuous measurements of dissolved oxygen at one
location is desired, the horizontal pipe method is likely to be used. The standpip@dwtiuld be

more appropriate when taking point measurements at multiple locations. Either of these approaches
could be useful for developing a relationship between dissolved oxygen and some other variable such as
percent fines or intragravel flow. The stdpipe method is the method most likely to be used by DEQ,

but the weight of materials required to perform it may limit its use as a supplemental indicator for
sediment impairment. As a result, it is recommended that standpipes and methods to collectseibstr
dissolved oxygen in this way be modified (e.g., decreased pipe length and pipe pounder weight) to make
its use less cumbersome for remote and difficult to access sites. As with subsurface sediment sampling,
intragravel dissolved oxygen and flow shoblsampled in known or suspected salmonid spawning
locations.

RESIDUAPOOLVOLUME ANDY/*

Residual pool volume can be measured while collecting other residual pool parameters, but because it
requires many more point measurements to calculate, it mayoletime consuming for initial

assessment purposes. V* or the fraction of pool volume filled with fine sedilnbeen shown to
correlate with annual sediment yield and may be used to monitor the status of sediment supply in a
system(Lisle andHilton, 1999) This method can also help capture the effects of specific sediment inputs
(Lisle and Hilton, 1992; 199N* is also linked to biological condition based on its relationship to-riffle
surface fine sedimeniCover et al., 2008 his parameter uses the residual pool volume with the

addition of measuring the voluenof fine sediment deposits within a pool. Lisle and Hi({tt801; 1992
1999)providea synopsi®f how residual pool volume and V* should be collected and how each can be
used to monitor sediment loading in streams.
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APPENDIB.HELDMETHODS

To collect rigorous data that has limited bias and variability, comprehensive training of thosticglle
data will need to occugMarcus et al., 1995)raining will include how to classify habitat tygbkarcus

et al., 1995; Roper and Scarnecchia, 128f) objectively measure habitat parametéRoper et al.,
2002a) Annual field training is required for all DEQ employees collecting(tédatana Department of
Environmental Quality, 2005bJraining for this asssment method will include a manual containing
clear instructions describing how to set up sampling sites, properly use measurement tools, and
correctly record measurements. A twihased training will be implemented; phase one will consist of a
demonstraton of habitat classification and parameter measurement and phase two will consist of the
trainee(s) collecting data while being overseen by the trainegR{®per training of how to collect
sediment data is essential to keeping data consistent over tingebatween collectors and must be part
of making a defendable impairment decision. Field teams should consist of at least two people; one
person will be familiar with the protocols, including field assessment and data analysis techniques.
Assessments shoulik performed by staff with knowledge and understanding of geomorphology,
hydrology, and factors that influence stream morphology.

The foundation of data collection for this assessment method is the appropriate identification of
morphological habitat units within a stream. Agreement between observers for habitat identification
can be quite low when compared to random assignment awnldicang the number of habitat types to be
identified maximizes the likelihood of observer agreem@per and Scarnecchia, 1995hree habitat
units (pools, pool tails, and riffles) will e&plicitly sammd (FigureB-1).

Thalweg Profile
Riffle

Run

Pool Tail

Riffle

] =

Pool Tail Crest

!
Riffle

f

Pool Max
\ J

|

Pool

FigureB-1. Longitudinal profile of a stream bottom along the thalweg and the water surface.
For this assessment, run habitat will be considered riffle, @al tailhabitat will be considered pool.
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Equipment List

- ¢ g2 o nnrRgtapSskfy dz
- Chain man

- ¢g2 pQ YSFada2NAy3d LRfSa onedém Fiao
- Gravelometer

- Grid

- Piece of plexiglass

- Ruler (mm)

- Clinometer

- Bank Pins/Silvey stakes

- Hammer

- Counter

- GPS

- Camera

- Pencils

- Field forms

Order of Activities:

Step 1¢ Locate, flag, and maghe samplingsite

Step2 ¢ Check map accuracy

Step3 ¢ Set up EMAP reach and collect biologieahglesg if sampling withirthe site

Step4 ¢ Collect Pool Tail Grid Tos#fle Pebble Gunt, RSI, W/D, and Flogarone Width
Measurements

Step 5¢ Collect site cross sectiositewide pebble countandslope measurements

Step 6¢ RosgerChannel Type measurement

Step 7¢ Set up EMAP reach and collect biological samplesampling upstream of site

Step 8¢ Site Roundup

Step 1¢ Locate, fag, and mapghe sampling site
I. Locate the sampling site:
The location of the sampling site will be predetermined based on GIS analysis. The start of the site
will be at the downstream extent of a pofle., pool tail). If no pools are present, start agéth

predetermined location.

1) Flag the location.

2) Record GPS coordinatesy G KS a! aasSaayvySyid {AGS [20FGAz2y>

3) Photograph the areanaking sure to include landmarks (write this information as well as a
brief description of the area on the photo form).

Note: If the location you have previously chosen for sampling does not meet the requirements
necessary for the assessment (eigis a transport reach, contains multiple stream types,
etc.), or the location is inaccessible, the site can be moved to an ppate location.
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II. Determine the site length byecordng five bankfull measurementgFigure B2):
1) Identify bankfull usinghe following indicators (all six may not be present):

- Examine streambanks for an active floodplaifhis is a relatively flat, depositional area that
is commonly vegetated and above the current water level unless there is a large amount of
spring runoffor there has been a substantial rain event (istream running at bankfull stage).

- Examine depositional features such as point baféie highest elevation of a point bar usually
indicates the lowest possible elevation for bankfull stage. However, démte features can
form both above and below the bankfull elevation when unusual flows occur during years
preceding the survey. Large floods can form bars that extend above bankfull whereas several
years of low flows can result in bars forming below Wahlelevation.

- A break in slope of the banks and / or change in the particle size distribuffom coarser
bed load particles to finer particles deposited during bank overflow conditions.

- Define an elevation where mature key riparian woody vegetatierists The lowest
elevation of birch, alder, and dogwood can be useful, whereas willows are often found below
the bankfull elevation.

- Examine the ceiling of undercut bank¥his elevation is normally below the bankfull
elevation.

- Stream channels actely attempt to reform bankfull features such as floodplains after shifts
or down cutting in the channelBe careful not to confuse old floodplains and terraces with
the present indicators.

2) The f'bankfull width measurement will be taken at Transecthk (bottom of the site).

3) The 295" bankfull width measurements will be taken upstream from tfie dpaced at 53
foot intervals following the thalweg.

4) Record all five bankfull widths on Form 1 and calculate the averdge.the average to
determine he width category fronTable B2. The width category will determine the spacing
of additional transects.

NOTESn some instances a measurement cannot be taken due to dangerous obstacles or a
tributary/side channel confluenceMove that measurement upstream to the next location
where a measurement can be obtained. Space each of the following measurements at 53
foot intervals.
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Direction
of Flow

Transect 1 and bottom of the site — #1

Figure B2. Initial bankfull width measurement locations for determining width category (adapted
from Heitke et al., (2008))

lll. Calculate the average bankfull width for the five measurements

Recordthisvalug y (0 KS da! & &S aavysR da l{ LdSeShedmeaddankiuRwidth
to determine the width category ifableB-1.

Table B1. Width categories for determining minimum sitéength (adapted from Heitke et al.,
(2008)).

Average bankfull width (ft) Width Category Minimum site length (ft)
0to 26 26 520
26.1to 33 33 660
33.1t0 39 39 780
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39.1to 46 46 920
46.1to0 53 53 1060
53.1 to 59 59 1180
59.1 to 66 66 1320
66.1t0 72 72 1440
>72 79* 1580
F LT I A0NBIFYQa @SN 3IS oyl FdzZt S6ARGK A

times the measured value.
IV. Delineate the site

Use a measuring tapa chain marto follow one side of the stream along the bankfull widtida
measure the site length from the downstream exte¥ibu will continue upstream until you have
reached the minimum site length determined by the bankfull widébleB-1 and you have
reached the same feature type as you started the site at (i.e., poal Aglyou travel upstream
follow the main channel anidlentify pools, riffles, and poelorming woody debris, flag instability
index (ISI) transects (if collecting ISI data), and map the site.

NOTESK the site has no pool®nd at the location of the minimum site length distance from the
starting point.If more than one channel existde one containing the higher discharggs(al
estimate) should be followed and measured.

1) Identify pools that have a maxY dzY R S LJinds thexpoefidtpA fi RSLIGK | f2y3 (K:
thalweg.Measure the maximum pool tail depth antbximumpool depth to ensure that the
depth requirement is metf a pool,visually approximated, occupies least 50% of the
wetted channel width anylocation n the poolit will be called a large pool. If it never spans
more than 50% of the wetted channel width at any point, it is a small @duis. information
may be ecorckedonthea wS & A RdzZ £ t 22t 5 SLJI KowloywRent 22 € ¢ Af
performingStep 4/1.

Also identify rifflesFigure B1 shows a longitudinal profile of a pool and a riffle and the
different portions of each. Look upstream at the water surface for slope breaks to help
identify features (the water surface will look sloped in riffles, baitith pools).

NOTESOnlyconsider main channel pools where the thalweg runs through the pool, and not

backwater poolswWhen islands are preseit 2y f @ O2YaARSNJ Ll22fa Ay (K¢
measure pools in side channelsa stream length has a srhabol (i.e., < 50% of wetted

width), but is otherwise riffle, that section will be considei@d? 2 f ® ¢

2) If you are collecting ISI data, you will flag transects as you proceed upstream. Each transect
will be spaced a distance equaltt@o timesthe width category. If the stream is greater than
79 feet average bankfull width, each transect will be spaced a distance equatéthe
measuredbankfull width OncelOtransects have been flagged, you do not need to add any
more.
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NOTEIf a transect lands on a location that is not suitable for a cross section measurement
(e.g., debris jam, bedrock slide), move the transect upstream to the first location where a
cross section can be measured.

3)Drawamamnthed ! aaSaaYSy dl yR (&I [d2yOFn#EWEIFgtream
referencing the most downstream location pdolsandriffles (with reference to the distance
from the downstream extent of the sit&igureB-3).

S 540°

Pool Influencing
Woody Debris

;
7\ '/'
R3-309/

o’

#Z

FigureB-3. Example of sediment sitemap drawn at the sampling site.
VI. Finish delineatinghe site:

1) Use flagging tanark the location

2) Record the actual site lengthndGPS coordinateay’ G KS ! aaSaavySyd {Ad
al L T2NXO

3) Take a photograpbf the area making sure to include landmarks (write this information as
well as a brief description of the area on the photo form).

4) Complete the map biabeingeach pool and riffle with aumber and a distance from the
downstream extent of the site, starting at the bottom of the site (eR§-0 and R-40),
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increasing the number in the upstream directidfigureB-3). Put the corresponding
AYTF2NXIEGA2Y Ay (KS &FMoheRch poBl cdunfad, mark (YHe) iftiedzy G C2 N.
pool is formed, in any way, by woody debris and/or boulders. Also mark which features will be
sampled with a pebble count, grid toss, and/or for residual pool depth (this can be done as

you move back upstream and individually assess the suitabileach feature for a given

measuremen). Mark the location of the @ ISI transects on the map and label them with a

number Figure B3; the lowermost transet will be 1 and the uppermost0). The even

numbered transects will be usddr cross sectiomeasurement.

Step2 ¢ Check map accuracy
Working in a downstream direction (from the top of the site), make sure that all pools, riffles, pool
forming woody debrisand ISl transects are accurately represented in the map.

Step3 ¢ Set up EMAP reach arabllect biological amplesc if sampling within the site

This will be donef required bythe sampling and analysis plan. The preferred option is for this to be
collected in a reach directly upstream of the sediment sampling site after all of the sedia=mbheters
have been collected. If accessream widthor topography (e.g., a change in stream type) precludes
sampling upstream of the sediment site it will be done within the sitStap 3

I. Return to the center of the sediment site and recorefwetted widths using the measuring tape.
Measure the first one at the center of the site, two upstream of the center, and two downstream
of the center. Take the measurements from places considered to bgy/pheal wetted widthof
the stream. Average the measurements and multiply by 40. If the final value is less than 150 m,
use 150 m as the minimum reach length. Divide the total reach length by 10 to determine the
distance between each transect.

Il. Place flagging at the center transect (at the center of the sampling site). Label the flagging at this
0Nl yaSOl acCcodeé t NPOSSR dzLJAGUNBFY Ff2y3a (KS akKz2N
MkKmMna 2F GKS NBIF OK f S yRyieB4)0ThénopEe&dRlonmddréam,iafdNE dz3 K
NBLISFGO GKS LINRPOS&aa F2NJ 0KS R2gyaiGNBLFY LE2NIAZ2Y
Return to the downstream end of the EMAP reach and begin biological sampling.

B

a
2

Note: When the EMAP reach extends beyond thdisent reach, you will take photos of both
ends of the EMAP reach facing inwards ,(upstream at Transect A, and downstream at Transect
K) to show that the EMAP reach is still eggntative of the sediment sitéf the ends of the EMAP
reach do not repesent he setting of the sediment sitgou will shift the EMAP reach either up or
downstream until they are relatively the same.
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Total reach length = 40x mean wetted width at F transect (minimum 150 m)

< rd

Figure B4. An example of the EMAP sampling reach for biological samples.
The blue and red circles indicate the respectiv&croinvertebrate and periphyton sampling locations at
each transect.

., 2dz ¢ Aff O2ftftSOG YIONPAYPDSNISONIiSa Ay GKS 9a!
pattern. So, at Transect A, you will collect the periphyton from the right locdleathannel.
Afterward, you will collect the next portion of the sample from the center locale at Transect B. You
will then collect the next sample portion from the left locale at Transect C. The blue circles on
FigureB-4 demonstrate where the macroinveabrate samples should be collected throughout the
EMAP reach.

Macroinvertebrate samplewill be collectedusinga 500 ug mesh-Bhapednet (Montana

Department of Environmental Quality, 2012 collect the sample, place the radtthe

established locale along each transect (right, center, or\ft) the flat portion of the net frame
firmly against the substrate. &dhually pick up and clean all large patrticles (greater than golf ball
size) at least halfway within a visually estimateftt hrea directly upstream of the net mouth so

that everything cleaned off of the particles flows into the net. After the partictesckeaned,

discard them downstream of the net. All large particles that are not at least halfway within the
1ft2 area will be moved to the side. After all of the large particles are cleaned, use your feet to stir
up the stream bottom within the same 1ftdea for 30 seconds (use a stopwatch). Once the kick is
finished, remove the net from the water.

Next, dip the net into the water several times so that fine sediments, detritus, and organisms
concentrate at the end of the net. Be sure to avoid allovang water or material to enter the

mouth of the net during this process. Invert the net into a 500 pg sieve and pick any organisms off
of the net using forceps and place into the sieve. Place all material from the sieve (clean substrate
particles, bark, ath leaves can be removed from the sample) into a labeled 1 L bottle and fill with
95% ethanol. Once a bottle is 50% filled with material, the remaining sample will be placed into
(an) additional bottle(s) and topped off with ethanol.
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Optional: You can eltriate the sample in a 5 gallon bucket to reduce the amount of sediment in
the final sample. You do this by emptying the contents of tHfeahe net into the bucket and

adding enough water to the bucket to float organic material away from the inorgarteriak
Vigorously stir the contents and then pour the liquid into a sieve. You can then transfer the sieve
contents to the sample jar. After you are certain that you have removegd@® of the organic
portion from the sample, you may discard the remagqsubstrate to the stream and preserve the
sample in ETOH.

IV. Periphyton will be collected with the EMAP reachwide approach using thelrteidimethod
(Montana Department of Environmental Quality, 20112)s a single composite sample that is a
miniature replica of the stand of algae which are present at the study site. You will collect both
micro- and macroalgae usinbis protocol. You will collect the periphyton in the EMAP reach
FT2f{f26Ay3 (KS SHFNEE WOBPKENE dza @R G2 02t SO0 GKS
that it will be offset so that the sample location on the transect is nhot sampled. Theinaes on
Figure B4 demonstrate where the periphyton samples should be collected throughout the EMAP
reach.

Starting fromthe most downstream transect, at each of the 11 transect sampling locales algal
material should be collected from substrate repentative of the right, left, or center locale.
Collection tools should include a toothbrush or tégbe brush, a small pocket knife, a turkey

baster (used to suck up fine sediments), a small stainless steel spoon, and a plastic tray to place
the materid in prior to transfer to the storage container. The standard storage container, a 50
cm? centrifuge tube, is fairly small and will fill quickly; dd p@er-add any particular batch of
sampled material. To aide in this, larger volumes of material colleict¢he plastic tray can be
subsampled and the subsample transferred to the centrifuge tube. Be sure to thoroughly mix the
material prior to suksampling.

As the collector workhis/her way upstream, ishouldbe noted whether or not any substrate

type that is commoralongthe site has been precluded from sampling due to the manner in
which thell transects happen to have fallen along the longitudinal lerifijm important

substrate type has been precluded the sampler should, after completing theropst transect,
return to the substrate in guestion and collect algae in an amount approximately proportional to
0KS &dzaidNIQiSQa LINBEaASYyOS Ay GKS NBI OK®

Step4 ¢ Collect Pool Tail Grid TossiffRe Pebble Gunt, RSI, W/D, and Floegrone Width
Measuremats

Working in the upstream direction, perform the appropriate sampling depending on the feature
encountered.

I. If a pool is encountered, perform a grid toss and measure residual pool depth:

For a grid toss to take place the pool must: 1) be fortmgdhe scouring action of waténot formed
by logs or some other debrimmpletelydamming the downstream end of the pool; partial
damming of the pool is acceptable as long as a staaned pool tail is presentgnd meet the
depth criteria previously deribed.Every pool suitable for measuring pdall fines within a sitewill
be measuredEvery pool within a site will be measured for residual pool depth (RPD)

Pool Tail Grid Toss
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1) Sampling within the wetted channel, place the bottom edge ofghd upstream from the
L2t dGFAf ONBad + RAaGEYyOS Sldzat Gd2 mgk: 2F (K
(Figure B5).

2) Moving from river left to river right, lace the center of the grid dhree locationsequal t025,
50, and 75% of the dist@e across the wetted channel, making sure the grid is parallel to and
following the shape of the pool tail crest. Grid placements are estimated visually

3) For each of the 49 internal intersections on the grid, count the number of intersections that
are overlain with fine sediment < 6 mm in diameter at thekis (each intersection is
approximately 6 mmMark this numbe2 y G KS dwSaARdzZ f t22f 5SLIK |
form.

4) For each placement, estimate the median (i.eg) Bubstrate size class of the substrate under
the grid.Mark this estimatean the appropriate box as: s = sand (< 2 mm), g = gravel (26d4m
mm), ¢ = cobble (64 mAR56 mm), b = boulder (256 ma2048 mm), and bd = bedrock (>
2048 mm).

5) On the field fom, record the number of particles < 6 mm out of the number assessed (e.g.,
yknno® LFX Ay avlftft adNBlIYasxs GKS INARR (G2aasSa
form to indicate that overlap occurred.

NOTESK a portion of the grid lands oa particle that is a small boulder or larger (> 512 mm
b-axis), do not assess the intersections that fall on such substrate. If algae or organic debris on
the streambed blocks visual identification of the particles underneath, do not move the
obstruction(s). Record the number of intersections covering particles < 6 mm out of those that
are not obstructed and can be assessed on the field form.

X = 10% of the pool's
lengthor1 m,
whicheveris less

Water’s
Riffle edge
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Figure B5. Locations within a pool tail to be sampled with the grid toss (figure is adapted frroher
et al. (2012).

Residual Pool Depth

6) Measurghe maximum depthof the pool tail at the crest, normally but not alwattee thalweg
(d) (Figure B6) and record this to the nearest 0.05 ftonthew S & A RdzZ € t 22t 5SLIIK |
CAySaé¢ BRSTHFRYR2NX®PAE LRAYyGEZ AYIF3IAYS GKIFIG GKS 41
to measure the depth of the last spot that would have flowing water befbe stream stopped
flowing.

7) Measure themaximum depthin the pool along the thalweg (Figure B6) and record this to
the nearest 0.05ftonthé wS a A Rdzl £ t 22f 5SLIJiK ILycReitbg2f ¢ Af C
probing the pool with the measurinrod.

8) The RPD @I= ¢ - d... Galculate and recor®PD2 y (G KS dawSaARdz ¢ tAZX 2 {C ALySSLAEK
field form.

9) If a poolyisually approximated, occupies least 50% of the wetted channel widthatylocation
in the pool it will be callel a large pool. If it never spans more than 50% of the wetted channel
width at any point, it is a small po®ecordhe poolsize2 y G KS dawSaARdzZ f t22f 5
¢CFAf CAySaéeé FTASER FT2NX¥O

NOTE If the pool is too deep to wadeneasure the depth of the pool from the side, where it is
wadeable and calculate the depth usiRigjureB-7 and theequations that follow. Calculate the
actualdeptthA y G KS &/ 2YYSyGaé¢ &RA0G BXYIKTF | iykidmi.ceve S a ACR delt

o

o

||

Thalweg
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FigureB-6. Profile of a pool and locations to measure when determining residual pool depth (adapted
from Lisle 1987).

90°

C (measured depth on stadia

rod from thalweq to the water
surface)

Stream Bottom
FigureB-7. Trigonometric values used to determine depth of a pool if the pool is too deep to wade.

Step 1: Estimate angl® usinga large compass or clinometer (water surface relative to stadia rod
measurement)

Step 2: Determine anglé\ as:A= 180¢ [90 +B]

Step 3: b (actual depth of pool) s cosA

Il. If ariffle is encountered, perform the riffle pebble count, RSI data collenti®V/D, and flood
prone width measurements

Riffle Pebble Count

1) Sample dur riffles, each with a 100 pebble coulftmore than four riffles are present, sample
the first four riffles encountered moving from downstream to upstredfiiewer than four
riffles are present, a total of 400 particles will still be counted. The count will be spread out
evenly among the riffles that are present using the same-foamsect setup (e.qg., if two riffles
are present, each will have a 200 particle count with eachpdamg location being a maximum
of 1/50 of the bankfull width apart). the entire site is one riffle25 pebbles will be measured
at 16 transects evenly distributed throughout the sitfethere are fewer than four riffles, W/D
will be measured at thospresent. If the entire site is one riffl§v/D will be measured at four
evenly spaced transects within the site.

2) Measure the length of the riffle. Within each rifflevenly distributefour transects(from
downstream to upstreamand perpendicular to the flowat 20, 40, 60, and 80% of the riffle
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length.Calculate the distance between each transect by dividing the length of the riffle by
five. Riffle length is calculated by subtracting the riffle name distance from the next upstream
pool distance (e.g., REZTOandPH Ty Y¢omyy@ I Hny QT wn I HAyQO®

3) Determine the distance between each selected partidleng each transect, 25 sampling

locations (assuming a 1@@bble count; it would be at 3ibcations for a 34 pebble countin

each of three riffleswill be evenly spaced within the bankfull width so that theximum
distance between each is 1/28 the bankfull width (use a calculator ttivide the bankfull

width by the number of particles being selectandd round he value dow to ensure that the
desired number of particles are samplétgure B8). The persorselecting each article will

look at the calculated distance on a tape measure before sampling the transect so that they
can estimate the appropriate distance between kaarticle.You may use your foot as a

guide to measure the distance between each particle. Make sure you callkgztst 25

particles per transegtmore is good buif you collectfeweryou will have to start over

4) Sample the riffle by starting at the downstream transect and samplifigpm riverleft to river

right, then proceed to the next upstream transect and sample from river left to river right, and
repeat this patternvhile moving upstream to the final two transectsSigure B8). Begin

sampling athe bankfull height at eactransect.Walk along the transect selecting each

pebble by pointing directly down off the tip of your boot at each sampbiegtion If there

are obstructions to the pebble such as algae/vegetative mats or woody detbeis) to

carefully movehe obstructioncovering the substrate so th#tte pebble can be sampledtf
algae/vegetation cannot be moveselect a pebblen the upstream side of theansect

where there is no obstructian
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Bankfull Width
AN

Flow

l l l O = sampling location

..., Finishon 80% ofriffle length

river left

60%

Pattern to follow
when sampling

<
40%

~ i < o3 O crton 20% ofriffle length
river left

Wetted width
FigureB-8. Setup for performing aiffle pebble count.

5) Measure each particle by finding the smallest hole in the gravelometer that the particle will fit
through (if the particle fits through the 22.6 mm opening but not the 16 mm opening, the
LI NIAOES sAatt 0SS RBOFARSRI BAARKEY OGRS NI Mk WA Of
dzaS (GKS SR3AS O6gARGKOL 2F (GKS 3AINI @St 2Mré@SNI G2 Y
B-9) to determine if the particle is within the 24 mm or < 2 mm size category. Particles
greater than 128.1 mm il be measured along the edge of the gravelometer. Particles greater
than 2056 mm are considered bedroakdawill be visually estimated. If preseniet 6.35 hole
will not be used to measure particles. After measuring a particle, place it downstreare of th
transect so that it is not measured again. If the particle cannot be moved from the stream
bottom, estimate its size. If the particle cannot be moved from the stream bottonyand
fingerfalls on it multiple times, record each time as an individuaintoRarticle size data will
be recordel? y Rt S00f STRAMYy dZAAYI (KS GR2Gkafl aKé &
particles =I:I The four dots should be filled in first, followed by the outside lines of the box,
and, finally, the diagonal lines.

6) Recordeach particle ontheformi y G KS | LILINBLINAIF GS f20FGA2YY dzyF

the wetted channell Y R dzy RSNJ a¢5NEB¢ AF O2tf SOGSR 0S0G6SSy
Record the patrticle size in the categories provided, as appropriate.

7) To describ riffle units,record whether the transect is primariyithin run orriffle habitaton
theGWAFFES tS00tS /2dy(dé .St26 FNB RSAONALIGA2)
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Vermont Agency of Natural Resources (2009)) to help make this qualifidéiume B9 is
provided to show how the cross section profile of each habitat type typically looks.

Riffles Riffles typically are marked by fast, turbulent water running over rocks. Rifeesent
the sections of the stream with the steepest slopesl @hallowest depths at flows below
bankfull. Riffles may have a poorly defined thalweg.

Runs Runs are characterized by moderate current and little or no turbulence on the surface.
They differ from riffles in that depth of flow is typically greater and slope of the bed is less than
that of riffles. Runs will also often have a more defined thalweg

Pools Pools are the deepest locations of the reach and hold slow moving water. Water surface
slope of pools at below bankfull flows is near zero. Pools are often located at the outside of
meander bends, or on the downstream end of large obstructioeh s1$ rocks or large wood.

hitp:iwww.epa.goviowow/monitoring/volunteer'stream/vms41.htmi

wl 1 ‘:ﬂ:r-"'ﬂ qﬂ"";-\"l.'l.,?___‘i_
£ ¥

Figure B9. Cross section profile and aerial view of typical riffles, runs, and pools.

Collect alditional data forRSI

8) ldentify the lateral bar or depositional feature directly downstream of the riffle sampled for
the pebble count.

9) Identify the dominant large particles present and select 15 of those that have been freshly
moved. Freshly moved particles are those that brighter in color, not embedded, and lack
staining, algae, or attached moss.
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10) Measure the intermediate {Bxis;Figure B10) of each particle with a rulelhe Baxis is
the width of a particle. It can be visualized as the smallest width of a hatehe particle
could pass through.

11) Record these valuesnthed 59 v { SRAYSy (G ! aaSaayvySyid tSoo0tS [ :

NOTEIf there is no lateral bar or depositioniature directly downstream of the riffle

sampledfor the pebble countdo not collecthis data If at least 10 freshly moved patrticles

are not presentdo not collect the RSI datdi.you do not collect the RSI datecord why it
wasnotcollected y G KS &/ 2YVobthea 88 vaSORAYGYy (i ' aaSaavySyl
[ 2dzy ¢ F2NX¥O

A = Longest Axis (length)
B = Intermediate Axis (width)
C = Shortest Axis (thickness)

Figure B10. The three axes of a pebbl@dapted from Archer et al., 2032

Measure the riffle W/D ratio

11) Find the most suitable location within each riffle sampled for a pebble count. When doing this
try to avoid undercut banks, islands, boulders, barashy banks, logs and log jams, and uneven
water surface.

12) Once the location has been determined, set up a cross section using a tape measure and pins.
Determine the bankfull elevation on each bank. Stretch the tape perpendicular to the channel
betweSy ol yl FdzZt StSOFriAz2ya 6A0GK GKS a1l SNeré¢ SyR
downstream. Make sure the tape is straight and not bowéthe tape sags due to stream size
or wind, use a laser level.
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13) Measure the width of the stream atdltross section anehoving from river left to river right,
measure at least 10 depth measurements (from the channel bottom to the tape measure)
across the cross section at equidistant intervals using a measuringF&gokg B11). To
calculate the distace between each measurement, divide the bankfull width at the transect by
11androunddown. I y{ FdzZf f RSLIIKa 62y SAGKSNI aARS 27

GWAFFES 2k5 wliAz2é F2N¥ dzyt Saa G KSisactuss] A& DSN

measure the depth at this location and record it on the form.

14) Record thecross section width and depthy F2 NY I GA 2y 2y GKS GwAFTFFES

Floodprone Width

15) Measure the deepest point on the cross section (at the thglwdgltiply this value by 2. This is
the flood-prone elevation (i.e., Floegrone elevation = 2 * maximum depth).

16){ GFNIAY3 +G GKS tS8F0 adNBIYolyls LXIOS (GKS YSt
ol y1 Fdz t OKIYyySE PIWNEHKS NBRIRIRG FET §KB o y1 Fdz ¢

17) Identify the height of the previously measured maximum bankfull depth on the measuring rod.
This is the height of the floegrone elevation.

18) Place the clinometer at the height of the flogtone elevation on the measuring rod and look

GOKNRdzZAKE GKS Of Ay2YSGOSNI (261 NRa (GKS Ff22RLI I A

19)[ SPSt GKS Of Ay2YSGSNI daAy3d GKS &l SNB¢ LISNDSy

20) The person with the clinometerwilloR 2y S Sy R 2F | otmesdond I LIS YSI &

member of the crew measusdhe flood-prone widthon the left side of the stream

21) The crew member with the clinometer will guide the crew member with the tape to the point
g KSNB (KS alogeNRding dghaldlir®ryidier mieets the ground elevation. This is
the edge of the flooebrone area and corresponds with the flobdN2 yS St S@F GA 2y |
YIFEAYdzY RSLIGK®E

22) Measure the flooebrone distance out as far as possible, or to 200 feet, vwhiehis
encountered first.

23) Record this distancend wA F Ff S 2 k ¥ thevlbdiiplath distahc ¥2D0 feet, record
G wnn Fié¢ 2y GKS FASER F2N¥O

24) Repeat this process for the right side of the channel.

NOTEIf three people ar@resent the one at the max depth can hold the tape at the flood prone
KSAIKUG 6KAES GKS 2GKSNJ (162 &G NI arka. Therperson in | LIS
the middle will use a clinometer to guide the two crew members and ensure thaapeis level.
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Bankfull

‘/0:/0 81% 72% 63% 54% 45% 36% 27% 18% 9%
Sy R Ry S B

Figure B11. Location across transect faaking cross section depth measurementadapted from
Archer et al., 201

Step 5¢ Mollect site cross section, siteide pebble count, slope, and sinuosity measurements

These measurements will be collected as directed by the SAP so that ISI can be calculated. They will be
collected using the twenty transects flaggedSitep 1 These measurements can be made by moving in

the downstream direction after completirgtep4.

I. Determine the exact location of each transect:

Find the most appropriate location to place each transect. It must be within a distance equal to ¥2
the width category (either upstream or downstream of the flag). Whenitoglor this location,

try to avoidundercut banks, islands, boulders, bars, brushy banks, logs and log jams, and uneven
water surfacelf you cannot find a suitable cross section within %2 the width category, do your

best and locate the transect where it avoids the most of the variablesilabove. All transects

will be perpendicular to the channel.

Il. Sitewide Cross Sections:

At each of théransectscollect cross section measurements in addition to collectingsttesvide
pebble count.

1) Determine the bankfull elevation on each bank. Stnettee tape perpendicular to the
OKI'yySt o0S0i6SSy oly{FdZt StS@ritAz2ya sgAGK GKS
(RL) looking downstream. Make sure the tape is straight and not bowed.

2) Measure thewidth of the stream at the cross section atake at least 10 depth
measurementgfrom the channel bottom to the tape measuragross the cross section at
equidistant intervals using a measuring sfi{Elgure B11). To calculate the distance between
each measurement, divide the bankfull width at thensect by 11 and round dowBankfull
RSLIIKA 02y SAUKSNI aARS 27 (itBwideQdsy/Seciddand ¢ A f f
{ft2 odf dinless the bank is vertical at the bankfull location. When this occurs, measure
the depth at this locatiomnd record it on the form.

2) Record the cross section width and depthy T2 NY' I G A2y 2 yiand Bl&é a F ARH @ { ¢
Be sure to sample all 10 transects.
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lll. Sitewide Rebble Count:
You will measurat least10 particlesfrom each of the 10 transects.

1) One particlewill be takenfrom each of the locations where the bankfull depth was measured
(Figure B11). Sample each particle by pointing a finger straight down atléeh
measurement locatiorMeasure the first particle that your finger touchddeasurethe B
axis of each particle using a rul&iqure B9).

2) Recordhe measurement of eacparticle?2 y (BkebA &S t S006t S / 2dzy (¢ T2 NY
sample all 10 transectollecting at least 10 particle measurements at each.

IV. Slope:

Slopewill ideally be measured from the top of the sampling site to the bot{am, from the pool
tail crest at the top of the site to the pool tail crest at the bottom of the sitiethere is not a
clear path between these two points, then slope will beasiered between transects where
there is visibility. Sinuositystep 5/V) should be measured at the same time as slope.

1) One person will stand at the downstream transect holding a measuring pole vertically with
flagging attached at a particular height withk S 62 G G2Y 2F GKS LRt S G
(Figure B12). A second person will stand at the upstream transect with a measuring pole
KStR OSNIAOLFffe 2y GKS alYS aARS 2F GKS &auNBl
(alternatively each person can place thmeasuring poles at the same depth in the water).

2) The person at the upstream transect will have a clinometer. They will place it at the same
height as the flagging on the downstream pole and aim it at the flagging. The clinometer
records both percent epe and degrees of the slope angle. Be sure to record the percent
slope which is typically the scale on the rigfiaind side of most clinometers.

3) Record the slop& y F 2 N I { ASReylide2Cyoss(Bé&cton @nd Slope F 2 NY @ wS LIS G 0
process so that thentire site is surveyed for slopéf skipping transectée.g., measuring
fromTR4toTRE RN} ¢ +y | NNRg aidFNLHAYy3a Ay GKS a¢wn
G2 ¢wmé 02E |yR NBO2NR (iTKéslopgefweighiBd akeyagelitieS & ¢ wH
calculated in the office and does not need to me done in the field.
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Figure B12. Measuring angle between transects.

V. Sinuosity:

Sinuosity will be calculated in the office using GIS. Sinuosity may be calculatedangihghotos

if they are of high enough resolution and the agistream channel can be viewdé# sinuosity

cannot be measured from aerial photdke coordinates from each end of the site and the site

fSyadkK o6Fftf F2dzyR 2y IyKRE dorhagandaisedtdgaldulaieA G S [ 2 Ol
sinuosity.

Step 6¢ RosgerChannel Type measurement
Rosgen channel type is determined by measuring a cross section and collecting the following data:

¢ Entrenchment; ratio of the floodprone width divided by bankfull channel width

¢ W/D Ratioc bankfull width divided by bankfull mean depth

e Channel Slope for asite approximately 2680 bankfull channel widths

e Sinuosity stream length divided by valley length; or estimated from the ratio of valley slope
divided by channel slope

Thetw2 a3Sy { GNBI Y /willbeicampktada the ofigeyising tefibldrforms

Step 7¢ Set up EMAP reachnd collect biological samplesif sampling upstream of site

This will be done if required by the sampling and analysis plan. The qgegption is for this to be

collected in a reach directly upstream of the sediment sampling site after all of the sediment parameters
have been collected (i.e., &ep 7. If access, stream width, or topography (e.g., a change in stream
type) precludesampling upstream of the sediment site it will be done within the sitS&p 3 See

Step 3for specific biological data collection instructions.

Step 8¢ SiteRoundup
Ensure that all of the necessary information has been colle®ediew the samplingna analysis plan
and confirm that all of the correct data has been collected. Review all of the field forms checking for
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